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Circulating cytokines have well-recognized effects on the brain, mediated by induction of cyclooxygenase-2 (COX-2) activity in the cerebral microvasculature (12, 40) . Prostaglandin E 2 (PGE 2 ) , a principal product of COX-2, activates the hypothalamic-pituitary-adrenal (HPA) axis (12) . However, the pathophysiological significance of the increased expression of proinflammatory cytokines inside the blood-brain barrier remains obscure.
The present study tested the hypothesis that an increase in proinflammatory cytokines in the brain of HF rats contributes to upregulation of the brain renin-angiotensin system (RAS) and the HPA axis. To test this hypothesis, we inhibited cytokine synthesis in the brain with centrally infused pentoxifylline (PTX) and measured the effect on central markers of HPA axis and brain RAS activity in the paraventricular nucleus (PVN) of the hypothalamus in rats with ischemia-induced HF and sham-operated control rats.
The PVN was selected for study because: 1) ANG II, the major product of brain RAS, activates neurons in the PVN that regulate thirst, sodium appetite, and sympathetic nerve activity (26, 32) ; and 2) corticotropin-releasing hormone (CRH) neurons in PVN are the critical central effector neurons of the HPA axis (6) . Each of these mechanisms may contribute to altered neurohumoral regulation in HF.
METHODS

Animals
Adult male Sprague-Dawley rats weighing 275-300 g were obtained from Harlan Sprague Dawley. They were housed in temperature (23 Ϯ 2°C)-and light-controlled animal quarters and were provided with rat chow ad libitum. These studies were performed in accordance with the American Physiological Society's "Guiding Principles for Research Involving Animals and Human Beings" (1) . The experimental procedures were approved by the University of Iowa Institutional Animal Care and Use Committee.
Coronary Ligation and Cannula Implantation
Fifty-six rats underwent sterile surgery under anesthesia (90 mg/kg ketamine ϩ 7.5 mg/kg xylazine ip) to induce HF by ligating the left anterior descending coronary artery or the same surgery without ligating the vessel (SHAM), as previously described (18, 19, 24, 27) . While still under anesthesia, each rat had a cannula implanted in the right lateral cerebral ventricle, using stereotaxic coordinates (38) . Animals received buprenorphine (0.01 mg/kg sc) immediately after surgery and 12 h later.
Echocardiographic Assessment of Left Ventricular Function
Echocardiography was performed under ketamine (25 mg/kg ip) sedation to assess left ventricular (LV) function as previously described (18, 19, 27) . Echocardiographic data were acquired within 24 h of coronary ligation or sham operation and again toward the end of the drug treatment protocol. Images were acquired with a Sonos 5500 (Philips Medical Systems) fitted with an 8-MHz sector-array probe, which generates two-dimensional images at a rate of ϳ100/s. Short-and long-axis images of the LV were analyzed. Ischemic zone (IZ) was estimated by planimetry of the region of the LV endocardial silhouette that demonstrated akinesis or dyskinesis and was expressed as a percentage of the whole (%IZ). From these measurements, %IZ, LV ejection fraction (LVEF), and LV end-diastolic volume (LVEDV), indexes of severity of congestive HF, were reported.
Drug Infusion
Within 24 h of coronary ligation or sham operation, rats were anesthetized (60 mg/kg ketamine ϩ 5 mg/kg xylazine ip) and underwent sterile surgery to implant an osmotic minipump (Alzet) subcutaneously in the back of the neck. The minipump was connected to the lateral ventricle cannula for the continuous infusion (0.25 l/h) of PTX (40 g/l) or vehicle (VEH, artificial cerebrospinal fluid) over a 4-wk treatment interval.
Study Groups
One set of HF and SHAM rats, treated with PTX or VEH, underwent anesthesia with urethane (1.5 g/kg ip) to collect cerebrospinal fluid (CSF), blood, and brain tissue for molecular studies. Hemodynamic and anatomic measures of the extent of HF were also obtained in these rats.
A second set of HF and SHAM rats, treated with PTX or VEH, was used for immunohistochemical or immunofluorescent studies. These rats were anesthetized with pentobarbital sodium (50 mg/kg ip) and transcardially perfused with PBS and 4% paraformaldehyde. The brain was removed and fixed in 4% paraformaldehyde overnight at 4°C, and then immersed in 30% sucrose for at least 2 days. Fig. 1 . Group data showing the effect of treatment with intracerebroventricular (ICV) PTX on hypothalamic tissue levels of proinflammatory cytokines and on neuronal activity in paraventricular nucleus (PVN) of hypothalamus in rats with ischemia-induced heart failure (HF). A: tumor necrosis factor-␣ (TNF-␣) and interleukin-1␤ (IL-1␤) increased in hypothalamus of vehicle (VEH)-treated HF rats compared with VEH-treated sham-operated (SHAM) rats. TNF-␣ and IL-1␤ levels were less in pentoxifylline (PTX)-treated than VEH-treated HF rats. B: Fra-LI activity, an indicator of chronic neuronal excitation, increased in the PVN of VEH-treated HF rats compared with VEH-treated SHAM. Fra-LI activity was less in the PTX-treated than VEH-treated HF rats. P Ͻ 0.05 vs. SHAM ϩ VEH (*) and HF ϩ PTX vs. HF ϩ VEH ( †). 
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Hemodynamic and Anatomic Measurements
A 1-mm micromanometer tipped catheter (Millar Instruments) was inserted via the right carotid artery and advanced to the aorta. Arterial pressure was measured, and the catheter was advanced in the left ventricle. Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were derived from the arterial pressure tracing. Left ventricular peak systolic pressure (LVPSP), left ventricular end-diastolic pressure (LVEDP) and maximum change in pressure over time (LV dP/dt max) were derived from the LV pressure tracing.
The heart and the lungs were removed. The heart ventricles were separated, and the right ventricle was weighed. The lungs were weighed wet. Right ventricular (RV) and lung weights were expressed as a function of body weight (BW).
Molecular Studies
CSF was aspirated from the cisterna magna, and the rat was decapitated to collect trunk blood and hypothalamic tissue. Trunk blood was collected in chilled EDTA tubes. Plasma was separated and stored at Ϫ80°C. The hypothalamus was removed as previously described (16) .
Enzyme-Linked Immunosorbent Assay
Plasma and tissue cytokine levels were measured using enzymelinked immunosorbent assay (ELISA; Biosource International) techniques, as described previously (16, 20) . PGE 2 in CSF was measured using a high sensitivity kit (R&D Systems). Plasma norepinephrine (NE) was measured using a high sensitivity kit (Rocky Mountain Diagnostics). Plasma ACTH was measured using an ELISA kit (MD Biosciences). Plasma ANG II was measured using an EIA kit (Cayman Chemical). Minimum detectable concentrations were as follows (in pg/ml): Ͻ8.25 PGE 2, 2.7 NE, 0.46 ACTH, and 1 ANG II.
Western Blot
Protein extracted from hypothalamus was used for measurement of angiotensin type 1 receptor (AT1-R) protein expression by Western blot (49) . The bands were analyzed using NIH ImageJ software.
Immunohistochemical and Fluorescent Labeling Studies
The brain samples were embedded in optimum cutting temperature medium, and transverse sections were obtained from the region approximately Ϫ1.80 mm from bregma. For immunohistochemistry, 40-m sections were obtained using a sliding microtome and stored in PBS. For immunofluorescence, 10-m sections obtained on a cryostat were put on slides and stored at Ϫ80°C for future use.
Immunohistochemistry
A general avidin-biotin-peroxidase complex procedure was used (23) . A double-staining protocol (23) was used to identify chronically activated PVN neurons as determined by fra-like (Fra-LI) activity (Santa Cruz Biotechnology) that were also positive for CRH (Phoenix Pharmaceuticals) or angiotensin-converting enzyme (ACE; Santa Cruz Biotechnology). Images were captured at ϫ10 magnification using a Diaphot 300 microscope (Nikon), and threshold intensity values for each section were set to allow for most of the positively labeled cells to be visualized. For each animal, labeled neurons within the borders of PVN bilaterally were counted manually in two representative 40-m transverse sections at about Ϫ1.80 mm from bregma (15, 27) , and an average value was reported. NIH ImageJ software was used to confirm the manual cell counts and to quantify the intensity of COX-2 expression in the PVN.
Fluorescent Labeling
Sections were air-dried for 60 min at room temperature, washed in PBS for 5 min at room temperature, and then treated in 0.2% Triton X-100 for 15 min at room temperature. Sections were treated in 50 mM glycine for 15 min and then incubated with 5% normal goat serum for 30 min at room temperature and washed in PBS three times for 5 min. Sections were incubated with primary antibody for COX-2 (Cayman), the perivascular cell marker ED2 (Serotec), ACE (Santa Cruz Biotechnology), renin (Fitzgerald), or the AT 1-R (Abcam) for 24 h at 4°C and washed in PBS three times for 5 min at room temperature. Sections were incubated with the corresponding fluorescent secondary antibody for 60 min at room temperature and washed in PBS three times for 5 min at room temperature. Some sections were incubated with To-Pro-3 for 10 min at room temperature. Sections were washed in PBS three times for 5 min at room temperature. Slides were mounted and viewed on a laser confocal microscope.
Superoxide generation was determined by fluorescent-labeled dihydroethidium (DHE; Molecular Probes). DHE staining was performed as previously described (11, 34, 47) . Fluorescence intensity of DHE in PVN was visualized and measured using laser confocal microscopy (34, 47) .
Statistical Analysis
All data are expressed as means Ϯ SE. The significance of differences between mean values was analyzed by a two-way ANOVA followed by a post hoc Tukey test. A probability value of P Ͻ 0.05 was considered to be statistically significant.
RESULTS
Echocardiography
At baseline, within 24 h of coronary artery ligation or sham operation, rats assigned to treatment with PTX and VEH were well matched with regard to echocardiographically defined LV function (Table 1) . LVEF was significantly reduced, and LVEDV and the LVEDV-to-mass ratio were significantly increased, in rats with ischemic injury assigned to PTX or VEH compared with sham-operated rats assigned to those same treatments. At baseline, however, there were no differences in LVEF, LVEDV, LVEDV/mass ratio or %IZ among rats with ischemic injury assigned to PTX vs. VEH treatment. At 4 wk, LVEDV and LVEDV/mass ratio were significantly higher than the 24-h baseline values in both the PTX-treated and VEH-treated HF rats, and LVEF was significantly lower in the VEH-treated HF rats (Table 1) . At 4 wk, LVEF was higher in the PTX-treated HF rats compared with the VEH-treated HF rats. There were no significant differences in LVEDV, LVEDV/mass ratio, or %IZ between the PTX-treated and VEH-treated HF rats (Table 1) .
Hypothalamic Expression of Proinflammatory Cytokines
Hypothalamic levels of TNF-␣ and IL-1␤ were higher in HF compared with SHAM rats (Fig. 1A) . Hypothalamic levels of TNF-␣ and IL-1␤ were lower in the PTX-treated HF rats compared with VEH-treated HF rats and did not differ significantly from the levels in VEH-treated SHAM rats. Intracerebroventricular PTX had no effect on proinflammatory cytokine levels in hypothalamus of SHAM rats.
Indicators of Hypothalamic Excitation
Fra-LI activity. Fra-LI activity was higher in the PVN of VEH-treated HF rats compared with VEH-treated SHAM rats. PTX-treated HF rats had fewer Fra-LI positive PVN neurons than VEH-treated HF rats (Fig. 1B) .
COX-2 and PGE 2 . There was more intense staining for COX-2 in the PVN region in VEH-treated HF rats than VEH-treated SHAM rats (Fig. 2, A and B) . COX-2 activity was most prominent in the microvasculature penetrating the PVN (Fig. 2C) . Confocal microscopy localized COX-2 expression to perivascular (ED2-positive) cells (Fig. 2, D and E) rather than endothelial cells in the microvasculature of PVN, as previously reported (27, 46) . The intensity of COX-2 immunofluorescence in PVN was significantly attenuated in the PTX-treated HF rats compared with the VEH-treated HF rats (Fig. 2F) . PGE 2 , a marker of COX-2 activity, was higher in the CSF of VEHtreated HF than VEH-treated SHAM rats (Fig. 2G) . The PTX-treated HF rats had lower CSF PGE 2 levels than the VEH-treated HF rats but higher levels than the VEH-treated SHAM rats.
HPA axis. Immunohistochemistry revealed that more Fra-LI positive PVN neurons were also CRH-positive in VEH-treated HF than VEH-treated SHAM rats (Fig. 3, A-D) . There were fewer CRH-and Fra-LI-positive PVN neurons in PTX-treated than VEH-treated HF rats but more than in VEH-treated SHAM rats. Plasma ACTH levels correlated with the numbers of CRH-positive PVN neurons (Fig. 3E) .
RAS. Immunofluorescent studies revealed increased expression of renin (Fig. 4 , A-C) and ACE (Fig. 4, D-F) in the PVN of VEH-treated HF vs. VEH-treated SHAM rats. The expression of renin and ACE was significantly less in PTX-treated HF rats compared with VEH-treated HF rats. Immunohistochemistry revealed that ACE expression was increased among Fra-LI-positive PVN neurons in VEH-treated HF rats compared with VEH-treated SHAM rats and was significantly less in the PTX-treated HF rats (Fig. 5) . Expression of the AT 1 -R was also increased in PVN of VEH-treated HF rats compared with VEH-treated SHAM rats, as demonstrated by immunofluorescent studies (Fig. 6, A and C) and by Western blot analysis (Fig. 6D ). Both indexes of upregulated AT 1 -R activity were reduced in PTX-treated HF rats (Fig. 6, B-D) .
Superoxide. Immunofluorescence revealed increased superoxide in PVN neurons of VEH-treated HF rats, as determined by fluorescent-labeled DHE. DHE fluorescence in PVN was less in the PTX-treated than VEH-treated HF rats (Fig. 7) but more than in the VEH-treated SHAM rats. 
Humoral Indicators of HF
Humoral indicators of HF paralleled the hypothalamic findings. Plasma NE, ANG II, and IL-1␤ levels were all higher in HF than in SHAM rats (Fig. 8) . The plasma NE and ANG II levels were lower in PTX-treated than VEH-treated HF rats, but plasma IL-1␤ level was unaffected by intracerebroventricular PTX (Fig. 8) .
Functional/Anatomical Indicators of HF
Compared with the VEH-treated SHAM rats, the VEHtreated HF rats had significantly higher LVEDP, RV/BW, and lung/BW ratios and significantly lower LV dP/dt max (Table 2 ). SBP and LVPSP were also significantly lower in the VEH-treated HF than the VEH-treated SHAM rats. PTX-treated HF rats had significantly higher LV dP/dt max and lower LVEDP and lung/BW ratio than the VEH-treated HF rats, but these values were all still significantly different from VEH-treated SHAM rats. SBP and LVPSP were not affected. There were no significant differences in DBP or HR across the treatment groups. In this small sampling, PTX treatment appeared to improve survival [PTX-treated HF: 80.0% (12/15); VEH-treated HF: 70.6% (12/ 17)] over the 4-wk interval between the first and second echocardiograms, but some animals did not survive the second echocardiography session. 
DISCUSSION
This study reports three important new findings: 1) a substantial portion of the proinflammatory cytokines that appear in the brain in rats with ischemia-induced HF are synthesized inside the blood-brain barrier; 2) brain proinflammatory cytokines upregulate the activity of sympathoexcitatory and volume regulatory systems in rats with ischemia-induced HF; and 3) inhibiting brain synthesis of proinflammatory cytokines reduces hypothalamic activation and ameliorates the manifestations of HF. Because systemically administered anti-cytokine agents also lower the expression of proinflammatory cytokines in the brain (27) , they have the potential to quench central inflammatory mechanisms that are difficult to approach with pharmacological interventions.
Recent literature (17, 28, 43, 50) has implicated upregulation of the brain RAS, with subsequent ANG II-driven and NADPH oxidase-mediated increases in superoxide (50) in critical presympathetic regions of the brain, as a major factor leading to increased sympathetic nerve activity in HF. ANG II has other important functions in hypothalamus that may contribute to the HF syndrome, including regulation of thirst and sodium appetite (26, 32) and activation of neurons containing CRH (36, 39, 41) and arginine vasopressin (5, 31) . The present study, demonstrating that lowering hypothalamic levels of TNF-␣ and IL-1␤ without changing plasma cytokine levels is associated with reductions in brain renin, ACE, and AT 1 -R, strongly suggests that proinflammatory cytokines are intrinsically involved in regulating brain RAS, and thus sympathetic nerve activity and extracellular fluid volume, in rats with HF. However, a caveat to be considered is that circulating ANG II was also reduced in the HF rats treated with pentoxifylline, likely because of a reduction in sympathetic nerve activity (10). Thus we cannot exclude the possibility that decreased circulating ANG II contributed indirectly to the downregulation of brain RAS.
Activation of the HPA has received little attention in the HF literature, although it is an expected outcome of the increase in circulating proinflammatory cytokines. The hypothalamus is a well-recognized target of circulating cytokines (6, 12, 40) . The present study confirms our recent observation (27) that the expression of CRH in PVN neurons (the central marker of HPA activation) is increased in rats with ischemia-induced HF and is responsive to anti-cytokine therapy. However, although the previous study (27) demonstrated an effect of lowering plasma cytokines, the present study demonstrates that a similar effect can be achieved by reducing brain cytokine synthesis.
Cytokine activation of the HPA, like cytokine activation of the brain RAS, has important implications for cardiovascular regulation. In the classic studies of Brown and Fisher (4, 14) , the central administration of CRH (called corticotropin-releasing factor in those studies) elicited sympathetically mediated increases in HR and arterial pressure in addition to increases in circulating catecholamines and ACTH. Thus HPA activation may contribute substantially to neurohumoral excitation in HF. In the present study, inhibition of brain cytokine synthesis reduced both the expression of CRH among PVN neurons and plasma ACTH. Plasma NE level was also reduced, but that observation could be attributed to decreases in brain RAS, reactive oxygen species (ROS), or CRH.
The potential role of PGE 2 also deserves consideration. PGE 2 is both a mediator of the proinflammatory cytokine effects (12) and an independent stimulus to sympathetic drive (21, 35, 48) . The latter effect may be indirect; a recent study suggests that PGE 2 inhibits GABAergic neurons that normally restrain the activity of presympathetic neurons in the PVN (13) . Whatever the mechanism, the central administration of PGE 2 elicits a prominent sympathoexcitatory response (21, 48) , mimicking the sympathetic response to systemic administration of TNF-␣ (48) . In the present study, brain proinflammatory cytokines accounted for at least some of the increase in PGE 2 in the CSF of rats with ischemia-induced HF.
We can only speculate on the mechanisms by which these central actions of the proinflammatory cytokines contribute to the peripheral manifestations of HF. The brain RAS regulates thirst, sodium appetite, and sympathetic drive to the kidney, all factors that contribute to volume regulation. Thus cytokine upregulation of the brain RAS is likely an important factor. As mentioned above, several other neuroactive factors that are closely linked to cytokine actions and are increased in the brain in HF (ROS, CRH, and PGE 2 ) also activate the sympathetic nervous system and so may influence renal handling of sodium and water. In our model, HF rats treated with intracerebroventricular PTX to inhibit of brain proinflammatory cytokine synthesis had substantially lower LVEDP and lung/BW ratios than VEH-treated HF rats. Thus a reduction in extracellular fluid volume, likely resulting primarily from a reduction in renal sympathetic nerve activity, yielded lower cardiac preload (LVEDP). Despite this, PTX-treated HF rats had less impairment of LV dP/dt max and LVEF compared with VEH-treated HF rats. This observation, in the absence of any significant change in the indexes of LV remodeling (LVEDV, LVEDV/ mass ratio) or the extent of LV injury (%IZ), indicates that Values are means Ϯ SE; n, number of rats. BW, body weight; RV, right ventricular; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVPSP, left ventricular peak systolic pressure; LVEDP, left ventricular end-diastolic pressure; LV dP/dtmax, maximum rate of change in left pressure ventricular pressure. P Ͻ 0.05 vs. SHAM (*) and HF ϩ PTX vs. HF ϩ VEH ( †).
contractile function was better preserved in the nonischemic myocardium of PTX-treated HF rats. Possible explanations include reduced exposure to the myocardial depressant effects of chronic adrenergic drive (3) and reduced sympathetically mediated peripheral vasoconstriction (i.e., reduced afterload). In rats with smaller myocardial infarctions, more dramatic improvements in cardiac function have been observed after interventions that inhibit brain RAS activity and reduce sympathetic drive (22) and have been attributed to reduced cardiac remodeling. Reduced sympathetic drive may also explain the lower circulating levels of ANG II, another humoral factor that may impair cardiac function and increase afterload (33, 37) , in the PTX-treated HF rats. Thus, by manipulating central cytokine synthesis in rats with ischemia-induced HF, we achieved measurable improvements in neurohumoral drive, volume status, and cardiac function.
This study emphasizes the importance of central neural mechanisms in the pathophysiology of HF and suggests a novel strategy for minimizing their influence. Excitatory systems in the brain that are activated in HF (RAS, ROS, CRH, COX-2/ PGE 2 ) are not directly addressed by current pharmacological therapy for HF. However, our previous work (27) in rats with ischemia-induced HF suggests that systemically administered pentoxifylline can effectively reduce the expression of TNF-␣ and IL-1␤ in the brain as well as the periphery. Thus systemic anticytokine therapy may be an indirect but effective way to access and quench inflammatory/excitatory mechanisms in the brain, including RAS and ROS, that contribute to the HF syndrome.
Clinical trials testing the effects of the receptor binding protein etanercept, which lowers circulating TNF-␣ (30), and of the antibody infliximab (7), which binds to circulating and tissue TNF-␣, failed to demonstrate a beneficial effect of anticytokine therapy despite promising results of smaller clinical studies. Pentoxifylline operates by a different mechanism, inhibiting the synthesis of TNF-␣ and other proinflammatory cytokines (2, 9) . Pentoxifylline is already in clinical use in the treatment of peripheral vascular disease and has minimal side effects. In small studies, including one in patients with ischemic cardiomyopathy (42) , pentoxifylline has been shown to improve cardiac function. The present study suggests that it may be time to consider a larger clinical trial with this agent.
Finally, the finding that centrally administered pentoxifylline lowers brain proinflammatory cytokines expands current understanding of cytokine physiology. The mechanism accounting for the appearance of proinflammatory cytokines in the brain has been a subject of controversy, with some suggesting that circulating cytokines cross the blood-brain barrier (44) . The present study demonstrates conclusively that a large fraction of the TNF-␣ and IL-1␤ that appears in the brains of rats with HF is actually produced inside the blood-brain barrier; brain levels were substantially reduced in pentoxifyllinetreated HF rats, but circulating levels were unaffected.
Two limitations of this study deserve comment. First, we did not administer PTX systemically, in the same dose that was administered centrally, to exclude a possible effect of leakage from the CSF in the circulation. Had centrally administered PTX leaked into the peripheral circulation to reduce bloodborne proinflammatory cytokines, that certainly would have affected our results. However, the dose of PTX injected centrally in this study was very small compared with peripherally effective doses and would not have been expected to have any systemic effect. Moreover, plasma IL-1␤, which is reduced by peripheral administration of PTX (27) and was used in this study as an indicator of systemic proinflammatory cytokine activity in the HF rats, was unaffected by centrally administered PTX. Second, specific cell markers for neurons and glia were not employed in this study, so we cannot definitively identify the cell types labeled for renin, ACE, AT 1 -R, and DHE. However, close inspection of the higher-power confocal images (Figs. 4, 6 , and 7) reveals that the immunofluorescentlabeled cells have the typical appearance of PVN neurons (29) , not the typical morphology of microglia (29) , and the staining in the immunohistochemical studies appears to be confined to the cytoplasm of Fra-LI positive PVN neurons (Figs. 3B and 5B). Thus the evidence strongly suggests that changes in brain RAS and ROS occurred in neuronal elements of the PVN.
Perspectives
The present study illustrates the global nature of inflammation and excitation in the hypothalamus of rats with ischemiainduced HF. The RAS is activated, and there is an increase in superoxide production, as is commonly reported. Concomitantly, the expression of proinflammatory cytokines is increased, COX-2 activity is increased as manifest by increased CSF PGE 2 , and the HPA is activated. In the PVN of hypothalamus, these inflammatory/excitatory neurochemical changes are not confined to any particular region; neurons in both presympathetic and neuroendocrine regions are excited. In this scenario, the proinflammatory cytokines are not simply markers of inflammation or downstream products of other active systems. Our data demonstrate that proinflammatory cytokines play a proactive role in the brain, stimulating or facilitating the activity of other excitatory neural systems regulating sympathetic drive and extracellular fluid volume. Removing their influence with a cytokine synthesis inhibitor quells the central neural excitation in rats with ischemia-induced HF. Interventions targeting cytokine-driven mechanisms that promote the activity of the brain RAS and the HPA axis may prove useful in the treatment of HF.
